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Introduction: Pancreatic ﬁstula (PF) is the most dreadful complication of patients after pancreatic
resection. The use of operative site drains is considered routine all along in pancreatic surgery in order to
remove any collections and to act as a warning of hemorrhage or anastomotic leakage. To date few
studies investigated the potential beneﬁt and safety of routine drainage compared with no drainage after
pancreatic resection and the evidence by literature is not clear.
Methods: A systematic review of the literature was carried out performing an unrestricted search in
MEDLINE, EMBASE and Cochrane Library up to 28th February 2014. Reference lists of retrieved articles
and review articles were manually searched for other relevant studies. The currently available data
regarding the incidence of post-operative short-term outcomes after pancreatic resection were meta-
analyzed according to the presence or absence of the intra-abdominal drainage.
Results: Overall 7 studies were included in the meta-analysis, that is 2 randomized controlled trials
(RCTs) and 5 non-RCTs resulting in 2704 patients totally. Intra-abdominal drainage showed to increase
the PF (OR 2.31, 95% CI 1.52e3.51), the total post-operative complications (OR 1.52, 95% CI 1.30e1.78) and
the re-admission (OR 1.30, 95% CI 1.06e1.61) rates. A non-signiﬁcant correlation was found with the
presence/absence of the drainage about biliary and enteric ﬁstula, post-operative hemorrhage, intra-
abdominal infected collection, wound infection and overall mortality rates.
Conclusion: The meta-analysis shows that the presence of an intra-abdominal drainage does not improve
the post-operative outcome after pancreatic resection.
 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Pancreatic surgery is burdened with high mortality (about 5%)
and morbidity rates (about 50%) [1,2]. Pancreatic ﬁstula (PF) is the
most dreadful complication occurring to 4% up to 30% of patients
after pancreaticoduodenectomy (PD), according to the deﬁnitionticoduodenectomy; RCT, ran-
iantella).
by Elsevier Ltd. All rights reservedused; infectious complications occur in about 34% of PD and intra-
abdominal abscess in 14% [1e3].
The use of operative site drains is considered routine all along in
pancreatic surgery. Multiple catheters are placed in the right and
left subhepatic space in relation to biliary and pancreatic anasto-
moses in order to remove any collections of blood and biliary,
lymphatic or pancreatic secretions. They may also act as a warning
of hemorrhage or anastomotic leakage. Indeed, the rationale for an
intra-abdominal drainage is to allow a rapid evacuation of post-
operative ﬂuid collections, thus avoiding their infective contami-
nation, and to early detect a dehiscence: all this may result in
avoiding an additional surgical or percutaneous procedure..
Fig. 1. Flow diagram of the retrieved studies.
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abdominal drainage after surgery has been considered standard
practice, over the last decade many authors have prompted to
abandon this approach, supported by randomized controlled trials
(RCTs) and meta-analyses that showed no beneﬁt in the routinary
use of drainage following uncomplicated cholecystectomy [4], liver
[5], gastric [6], and colorectal resections [7]. Moreover, the devel-
opment of interventional radiologic techniques has allowed non-
operative drainage of collections identiﬁed on ultrasonography or
CT scan, therefore reducing the need for re-exploration in many
cases.
The use of intra-abdominal drainage after pancreatic surgery is
considered mandatory by the majority of surgeons around the
world, because the complications due to PF may be life-
threatening and the evidence by literature is not clear. To date
only two RCTs about the potential beneﬁt and safety of routine
drainage compared with no drainage after pancreatic resection
were published: one showed no beneﬁt for intra-abdominal
drainage after pancreatic resection [8], the other suggested that
its elimination in PD increases the frequency and severity of
complications [9].
A systematic review of the literature was carried out and the
currently available data on the incidence of post-operative
complications after pancreatic surgery were meta-analyzed, ac-
cording to the presence or absence of the intra-abdominal
drainage.
2. Materials and methods
A systematic review and a meta-analysis were performed about
the beneﬁt of intra-abdominal drainage in patients undergoing
elective pancreatic surgery.A protocol was prospectively developed, detailing the speciﬁc
objectives, criteria for study selection, approach to assess study
quality, outcomes and statistical methods.
2.1. Study outcomes
The primary outcomes of the study were the incidence of PF and
the overall mortality in patients who underwent pancreatic
resection with or without the placement of pelvic drainage. The
secondary outcomes were the incidence of biliary ﬁstula, enteric
ﬁstula, post-operative intra-abdominal hemorrhage, intra-
abdominal infected collection, re-intervention and re-admission
in the same population. The in-hospital follow-up was also
considered.
2.2. Search strategy and eligibility criteria
An unrestricted search was performed in MEDLINE, EMBASE
and Cochrane Library up to 28th February 2014. Research criteria
included the terms “pancreas resection”, “pancreatic resection”,
“pancreatic surgery” and “drainage”. Furthermore, reference lists of
retrieved articles and review articles were searched manually for
other relevant studies.
Two authors (RF and DM) independently performed the
searches and reviewed all identiﬁed publications and abstracts for
inclusion by using predetermined criteria. In order to be comprised
in this review, studies needed to be reported on patients including
what follows: number of patients drained and not drained, type of
drainage used, incidence of PF in the two subgroups of patients.
Disagreements were resolved by consensus with a third investi-
gator (BW) and by means of discussion. The ﬂow diagram of the
retrieved, selected and excluded publications is reported in Fig. 1.
Table 1
Characteristics of the included studies.
Conlon C.K.
et al. [8]
Van Buren G.
et al. [9]
Adham M.
et al. [15]
Corre-Gallego C.
et al. [16]
Fisher W.E.
et al. [17]
Heslin M.J.
et al. [18]
Mehta V.V.
et al. [19]
Year 2001 2013 2013 2013 2011 1998 2013
Study design RCT RCT Retrospective Retrospective Retrospective Retrospective Retrospective
Patients
Total (M/F) 179 (89/90) 137 (75/62) 242 (127/115) 1122 (548/574) 226 (97/129) 89 (50/39) 709 (352/357)
Drain (M/F) 88 (46/42) 68 (37/31) 130 (66/54) 553 (na/na) 179 (78/101) 51 (32/19) 251 (130/121)
No drain (M/F) 91 (43/48) 69 (38/31) 112 (61/51) 569 (na/na) 47 (19/28) 38 (18/20) 458 (222/236)
Age
Mean 68 (23e87) 63.2 61.9 65  13 na 65  2 61.6
Drain 66 (23e81) 62.1 61.5 na 63 (53e72) 65  2 60.0
No drain 69 (33e87) 64.3 66.5 na 59 (51e70) 65  2 62.5
Pathology
Adenocarcinoma (drain/no drain) 120 (61/59) 84 (41/43) 87 (46/41) 457 (222/235) 113 (91/22) 89 (50/53) 451 (162/289)
Pancreatitis (drain/no drain) 8 (5/3) 11 (6/5) 0 17 (7/10) 35 (30/5) 0 87 (18/69)
IPMN (drain/no drain) 9 (3/6) na 43 (24/19) 0 0 0 171 (71/100)
Cystic neoplasm (drain/no drain) 21 (11/10) 8 (4/4) 19 (12/7) 196 (79/117) 52 (36/16) 0
Other (drain/no drain) 21 (8/13) 34 (24/10) 93 (48/45) 419 (232/187) 26 (22/4) 0
Pre-operative biliary stenting
Patients (drain/no drain) 52 (26/26) na 45 (22/23) 308 (162/146) na 50 (30/20) 363 (127/236)
Type of pancreatic resection
Pancreaticoduodenectomy (drain/no drain) 139 (73/66) 137 (75/62) 148 (79/69) 739 (386/353) 153 (123/30) 89 (51/38) 709 (251/458)
Distal pancreatectomy (drain/no drain) 40 (15/25) 0 66 (29/37) 350 (154/196) 73 (56/10) 0 0
Central pancreatectomy (drain/no drain) 0 0 20 (16/4) 31 (na) 0 0 0
Sparing pancreatectomy (drain/no drain) 0 0 8 (6/2) 2 (na) 0 0 0
Operative time (mean, min)
Pancreaticoduodenectomy (drain/no drain) 330/329 425  151/
407  157
235  71/
265  84
295/206 401/400 386  20/
292  13
294.3/200.7
Distal pancreatectomy (drain/no drain) 190/180 _ 191/152 _ _
Intra-operative blood loss (l)
Pancreaticoduodenectomy (drain/no drain) 0.8/0.8 0.46/0.44 0.47  0.56/
0.38  0.39
0.5/0.4 0.40/0.25 1.1  0.01/
1.1  0.01
0.57/0.28
Distal pancreatectomy (drain/no drain) 0.6/0.5 _ 0.4/0.2 _ _
Type of drainage closed suction not speciﬁed not speciﬁed closed suction closed suction closed suction not speciﬁed
Pancreatic ﬁstula
Total (drain/no drain) 11 (11/0) 35 (21/14) 35 (21/14) 251 (149/102) 84 (79/5) 4 (3/1) 109 (61/48)
Grade A (drain/no drain) na 14 (14/0) 10 (9/1) 47 (36/11) 58 (58/0) na 33 (20/13)
Grade B (drain/no drain) na 21 (7/14) 11 (5/6) 22 (17/5) na 76 (41/35)
Grade C (drain/no drain) na 14 (7/7) 204 (113/91) 4 (4/0) na
Pancreaticoduodenectomy (drain/no drain) na 35 (21/14) na 163 (104/59) na 4 (3/1) 109 (61/48)
Distal pancreatectomy (drain/no drain) na _ na 80 (42/38) na na na
Biliary ﬁstula
Total (drain/no drain) 2 (2/0) 4 (3/1) 10 (6/4) na 1 (1/0) na na
Enteric ﬁstula
Total (drain/no drain) 2 (2/0) 1 (0/1) 8 (6/2) na na na na
Post-operative hemorrhage
Total (drain/no drain) 6 (2/4) 8 (4/4) 51 (25/26) 33 (18/15) 3 (3/0) na na
Intra-abdominal infected collection
Total (drain/no drain) 12 (6/6) 24 (7/17) 31 (16/15) 124 (72/52) 12 (10/2) 3 (3/0) na
Abdominal collection requiring percutaneous drainage
Total (drain/no drain) 13 (8/5) 22 (6/16) 22 (8/14) 186 (103/83)a 9 (4/5) 3 (2/1) 50 (21/29)
Abdominal collection requiring re-operation
Total (drain/no drain) 12 (8/4) 8 (2/6) 33 (16/17) 5 (3/2)a 8 (8/0) 4 (1/3) 40 (14/26)
Wound infection
Total (drain/no drain) 20 (11/9) 16 (6/10) na 16 (11/5) 23 (22/1) na na
Total complications
Total (drain/no drain) 107 (55/52) 102 (50/52) 128 (83/45) 573 (301/272) 139 (117/22) 38 (23/15) 419 (171/248)
Hospital stay (median or mean, day)
Index admission drain/no drain 9/9 7/8 16.2/17.8 7.7/6.4a 7/7 12/12 13.8/11.3
Re-admission
Total (drain/no drain) 29 (19/10) 28 (16/12) na 261 (147/114)a 25 (17/8) na 119 (44/75)
Mortality
Total (drain/no drain) 4 (2/2) 10 (2/8) 12 (7/5) 18 (6/12) 2 (1/1) na 16 (5/11)
a About 1089 patients (PD þ DP).
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Data from included studies were extracted independently by 2
authors (DM and BW) and were conﬁrmed by both. The following
individual datawere extracted for each study by using standardized
extraction forms: general data (study design, year), characteristics
of patients (number, age, gender, indication to pancreatic surgery),
main features of the interventions (type of pancreatic resection,intra-operative blood loss, type of drainage, operative time), clinical
outcomes (PF, biliary ﬁstula, enteric ﬁstula, post-operative intra-
abdominal hemorrhage, intra-abdominal infected collection, re-
intervention, re-admission, and mortality).
The Meta-analysis Of Observational Studies in Epidemiology
group checklist was used (MOOSE) [10]. The quality of RCT was
evaluated using the Cochrane Collaboration Handbook for sys-
tematic reviews of interventions (‘Risk of bias’ assessment tool)
Fig. 2. Forest plots of the meta-analysis of PF and overall mortality rate according to the presence/absence of the intra-abdominal drainage.
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castleeOttawa quality assessment scale [12].
2.4. Selection of studies for meta-analysis
Data about patients with/without study outcomes and with
presence/absence of intra-abdominal drainage were required to be
included in the meta analysis, thus allowing the creation of a 2  2
table.
2.5. Statistical analysis
Meta-analyses of all outcomes were reported using ﬁxed-effects
models in case signiﬁcant heterogeneity was absent. Outcomes are
reported as random-effects models when heterogeneity is present.
Cochran’s Chi-square test and I-squared test for heterogeneity wereused to assess between-study heterogeneity. Statistically signiﬁ-
cant heterogeneity was considered to be present when p< 0.10 and
I-squared was over 50% [13]. Pooled odds ratios were reported with
95% conﬁdence intervals (CIs). Cells including zero were replaced
with 0.5. Publication bias was visually assessed by using funnel
plots [14].
Analyses were performed using Review Manager 5.2 (The
Cochrane Collaboration, Oxford, England).
The authors had full access to and take full responsibility for the
integrity of all the data. All authors have read and agreed to the
manuscript as written.3. Results
Overall 7 studies proved suitable for the inclusion in the meta-
analysis. The ﬂow diagram for inclusion is shown in Fig. 1. Two
Fig. 3. Forest plots of the meta-analysis of total collections and re-admission rate according to the presence/absence of the intra-abdominal drainage.
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minimum of 89 and a maximum of 1122 patients were included in
the studies. General characteristics of the study populations are
shown in Table 1.
3.1. Meta-analysis
The results from the meta-analysis of the 7 included studies
(with a total amount of 2704 patients) [8,9,15e19] showed that the
incidence of PF after pancreatic resection is statistically signiﬁcant
lower in patients without intra-abdominal drainage compared to
patients with it (OR 2.31, 95% CI 1.52e3.51, p < 0.0001) (Fig. 2). The
meta-analysis of the two RCTs (316 patients) did not show a sta-
tistically signiﬁcant reduction in PF in non-drained patients (OR
5.09, 95% CI 0.30e86.60, p ¼ 0.26), whereas those of the non-RCTs
(2388 patients) did it (OR 2.28, 95% CI 1.45e3.60, p < 0.0004)
(Fig. 2).The meta-analysis of 6 studies (2615 patients) [8,9,15e17,19]
revealed that there was not a statistically signiﬁcant difference in
overall mortality between drained and non-drained patients (OR
0.64, 95% CI 0.37e1.08, p ¼ 0.09), as in RCTs (OR 0.39, 95% CI 0.12e
1.27, p¼ 0.12) and in non-RCTs (OR 0.73, 95% CI 0.40e1.32, p¼ 0.29)
(Fig. 2).
The incidence of biliary ﬁstula, evaluated in 4 studies (784 pa-
tients) [8,9,15,17], was not found to have a signiﬁcant correlation
with the presence/absence of the intra-abdominal drainage (OR
1.82, 95% CI 0.68e4.86, p ¼ 0.23), both in RCTs (OR 3.86, 95% CI
0.62e23.84, p ¼ 0.15) and non-RCTs (OR 1.22, 95% CI 0.37e4.08,
p ¼ 0.74).
The incidence of enteric ﬁstula, evaluated in 3 studies (558 pa-
tients) [8,9,15], did not show a signiﬁcant correlation with the
presence/absence of the drainage (OR 2.12, 95% CI 0.64e6.97,
p ¼ 0.22), both in RCTs (OR 1.54, 95% CI 0.26e9.30, p ¼ 0.64) and
non-RCTs (OR 2.66, 95% CI 0.53e13.46, p ¼ 0.24).
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evaluated in 5 studies (1906 patients) [8,9,15e17], did not prove to
be related to the presence/absence of the drainage (OR 0.95, 95% CI
0.62e1.44, p ¼ 0.79), both in RCTs (OR 0.76, 95% CI 0.26e2.24,
p ¼ 0.62) and non-RCTs (OR 0.98, 95% CI 0.62e1.55, p ¼ 0.94).
The incidence of intra-abdominal infected collection was meta-
analyzed in 6 studies (1995 patients) [8,9,16e18] resulting in a not
statistically signiﬁcant difference in drained and not drained groups
(OR 1.17, 95% CI 0.87e1.57, p ¼ 0.29), with a slight different trend
between RCTs (OR 0.53, 95% CI 0.26e1.10, p ¼ 0.09) and non-RCTs
(OR1.38, 95% CI 1.00e1.92, p ¼ 0.05) (Fig. 3).
The incidence of wound infectionwas not found to be correlated
with the presence/absence of the drainage (OR 1.35, 95% CI 0.46e
3.94, p ¼ 0.59) in the 4 studies meta-analyzed (1664 patients)
[8,9,16,17], with a different trend between RCTs (OR 0.68, 95% CI
0.19e2.45, p ¼ 0.55) and non-RCTs (OR 2.86, 95% CI 1.11e7.34,
p ¼ 0.03).
The meta-analysis of all the 7 included studies showed that the
incidence of total complications was statistically signiﬁcant lower
in patients without intra-abdominal drainage compared to patients
with it (OR 1.52, 95% CI 1.30e1.78 p < 0.00001); the RCTs did not
show a statically signiﬁcant result (OR 1.11, 95% CI 0.69e1.78,
p ¼ 0.67) whereas the non-RCTs did it (OR 1.59, 95% CI 1.34e1.88,
p < 0.00001).
The meta-analysis of 5 studies (2330 patients) [8,9,16,17,19]
showed that the re-admission rate was statistically signiﬁcant
lower in no drained patients compared to those drained (OR 1.30,
95% CI 1.06e1.61, p ¼ 0.01), even if the data from the RCTs (OR 1.81,
CI 95% 1.01e3.26, p ¼ 0.05) and non-RCTs (OR 1.24, CI 95% 0.99e
1.55, p ¼ 0.06) were barely signiﬁcant. No publication bias was
shown.3.2. Subgroup analysis
The incidence of the primary outcomes was evaluated in the
sole patients undergoing PD. The meta-analysis of 4 studies (1599
patients) [9,16,18,19] conﬁrmed that the incidence of PF is statisti-
cally signiﬁcant lower in the non-drained group (OR 1.77, 95% CI
1.36e2.31, p < 0.0001), although the data from the RCT were not
signiﬁcant, those from non-RCTs were signiﬁcant (OR 1.77, 95% CI
1.34e2.35, p < 0.0001). In the same studies the overall mortality
rate was not found to be related to the presence/absence of the
drainage (OR 0.63, 95% CI 0.36e1.10, p ¼ 0.11), both in RCT (0.23,
95% CI 0.05e1.13, p ¼ 0.07) and in non-RCTs (OR 0.76, 95% CI 0.41e
1.39, p ¼ 0.37).
The incidence of type B þ C PF was also meta-analyzed in 5
studies (2436 patients) [9,15e17,19] with no evidence of statisti-
cally signiﬁcant difference between drained and non-drained pa-
tients (OR 1.18, 95% CI 0.72e1.92, p ¼ 0.51), both in RCT (OR 0.45,
95% CI 0.17e1.20, p ¼ 0.11) and in non-RCTs (OR 1.42, 95% CI 0.92e
2.18, p ¼ 0.11) (Table 2) [20].Table 2
ISGPF deﬁnition and classiﬁcation of pancreatic ﬁstula [20].
Deﬁnition A Drain output of any measurable volume of ﬂuid on or after
post-operative day 3 with an amylase content greater than
3 times the serum amylase activity.
Grade A Transient ﬁstula, no clinical impact.
Grade B Required change in management (NPO, partial or total
parenteral or enteral nutrition, minimal invasive drainage,
antibiotics, somatostatin analogue, delay in discharge,
re-admission).
Grade C Major change in clinical management (ICU care, invasive
intervention, sepsis, re-operation).The incidence of abdominal collections requiring percutaneous
drainage or re-interventionwas also evaluated. Data available from
all the 7 studies [8,9,15e19] showed a not statistically signiﬁcant
difference on the incidence of abdominal collections requiring
percutaneous drainage in patients without drainage compared to
those with drainage (OR 0.79, 95% CI 0.45e1.55, p ¼ 0.41), this was
conﬁrmed by the meta-analyses of RCTs (OR 0.72, 95% CI 0.14e3.75,
p ¼ 0.70) and non-RCTs (OR 0.84, 95% CI 0.45e1.55, p ¼ 0.57) only.
Also the incidence of abdominal collections requiring re-
intervention did not statistically differ according to the presence/
absence of the drainage (OR 0.95, 95% CI 0.64e1.42, p ¼ 0.82) in the
same studies, both in RCTs (OR 1.03, 95% CI 0.42e2.53, p¼ 0.95) and
in non-RCTs (OR 0.94, 95% CI 0.60e1.47, p ¼ 0.77) (Fig. 3).4. Discussion
The meta-analysis of short-term outcomes after pancreatic
resection, carried out on 2 RCTs and 5 non-RCTs with a total amount
of 2704 patients, shows that the incidence of PF is lower in patients
without intra-abdominal drainage compared to those with it. This
result is supported by the data of the 5 non-RCTs (1888 patients)
[15e19], whereas the meta-analysis of the 2 RCTs (316 patients)
[8,9] shows that the PF does not differ in drained and non-drained
patients. The overall mortality rate does not result to be affected by
the presence/absence of the intra-abdominal drainage. The inci-
dence of total complications and re-admissions results to be lower
in non-drained patients. No statistically signiﬁcant differences are
shown in biliary ﬁstula, enteric ﬁstula, post-operative hemorrhage,
intra-abdominal infected collection, wound infection rates
comparing drained and non-drained patients.
Post-operative morbidity after PD is approximately 50% [1e3]
and the major complications reported are PF, biliary ﬁstula, post-
operative bleeding, and intra-abdominal abscess. This may
severely affect the outcome leading to prolonged hospital stay,
impaired quality of life, up to death.
The rationale for an intra-abdominal drainage is to allow a rapid
evacuation of post-operative ﬂuid collections, thus avoiding their
infective contamination, and to early detect a dehiscence: all this
may result in avoiding an additional surgical or percutaneous
procedure. On the other hand the intra-abdominal drainage have
risks which are not that negligible, such as bowel perforation and
vessels lesions due to decubitus or excessive suction, potential
entrance site for infections, insufﬁcient detection of a neighboring
leak, organ and vessels lesions during drain removal and painful
removal [21].
The usefulness and the management of operative drainage after
pancreatic resection have been investigated by few recent reports.
The ﬁrst retrospective study by Heslin in 1998 reported that the
intra-abdominal drainage did not signiﬁcantly alter the risk of PF,
abscess, or re-operation after PD [18]. In 2001 the ﬁrst RCT by
Conlon showed that the intra-peritoneal closed suction drainage
did not reduce the number of deaths or complications after
pancreatic resections, thus not affecting the need for interventional
radiologic drainage or surgical exploration for intra-abdominal
sepsis [8]. The retrospective experiences by Fischer (2011),
Correa-Gallego (2013), Mehta (2013) and Adham (2013) conﬁrmed
that the routine prophylactic draining of the abdominal cavity after
pancreatic resection did not decrease the frequency or severity of
post-operative complications, thus suggesting to abandon its use
[15e18,19]. On the other hand, the recent RCT by Van Buren (2014)
showed that PD without intra-peritoneal drainage was associated
with an increase in the number and severity of complications
(gastroparesis, intra-abdominal ﬂuid collection and abscess, need
for post-operative percutaneous drain, and prolonged length of
F. Rondelli et al. / International Journal of Surgery 12 (2014) S40eS47S46stay), and an increase in mortality from 3% to 12% compared to
patients undergoing PD with intra-abdominal drainage [9].
This meta-analysis shows that the presence of an intra-
abdominal drainage after pancreatic resection (as after the sole
PD) increases the incidence of PF and decreases the total compli-
cations and re-admission rates, whereas it does not affect the
incidence of biliary and enteric ﬁstula, post-operative hemorrhage,
intra-abdominal collection, wound infection, and overall mortality
(although a slight trend in favor of drained patients might be noted
(Fig. 2)). It was not possible to meta-analyze the length of the
hospital stay because data about these subgroups of patients were
heterogeneous and partially available in the included studies. An
aspect must be underlined about the decrease of PF rate: the
presence of the drainage easies the spill of intra-abdominal ﬂuids,
even if they are a little and may be re-absorbed by the peritoneal
surface, and it may create a way outwards for the ﬂuids. This could
explain the increased number of type A PF in drained patients and
the fact that the incidence of type Bþ C PF does not differ according
to the presence/absence of the intra-abdominal drainage. About the
signiﬁcant decrease of total complications in non-drained patients
two aspects must be noted: ﬁrstly, this result is strengthened by
non-RCTs because the meta-analysis of the sole RCTs is not signif-
icant (Fig. 3); secondly, all the events reported by the included
studies were evaluated irrespective of their grade and organ loca-
tion, thus their heterogeneity might introduced a not negligible
bias.
Several limitations must be taken into account in our meta-
analysis. Firstly, the meta-analysis includes 2 RCTs and 5 non-
RCTs. In order to assess the results more thoroughly, a meta-
analysis of the RCTs and non-RCTs was singularly performed
about all the outcomes.
Secondly, the data about the PF may be potentially biased
because its deﬁnition is not univocal in the included studies: Van
Buren [9], Fischer [19], Metha [17] and Adham [18] adopted the
ISGPF deﬁnition [20], Heslin [15] considered as PF a drainage output
30 ml/day from 7th POD, Conlon [8] an output 30 ml/day from
5th POD, Correa-Gallego [16] an output50 ml/day from 10th POD.
Moreover the diagnostic criteria are based on the volume and the
content of drain output which cannot be determined in patients
without an intra-abdominal drain. This may lead to an over-
estimation of the incidence of PF in the drained patients compared
to those not drained, to a higher number of interventional pro-
cedures (percutaneous drainage and/or re-operation) in drained
patients, even in grade A PF who do not require a change in clinical
management. Thus, the overall complications might be biased for
the same reason.
Thirdly, the populations of the included studies are not homo-
geneous: Heslin reported only peri-ampullary malignancy [18], the
other authors reported pancreatic adenocarcinomas in about half of
the patients and variable percentages of pancreatitis, cystic neo-
plasms and other pathologies (metastasis, NET, chol-
angiocarcinoma, duodenal cancer) [8,9,15e17,19]. The different
pathologies may inﬂuence the aspect of the pancreas (thickness
and compactness of the parenchyma, presence of pre-operative
biliary stent, diameter of the pancreatic duct), the surgical proce-
dure (PD, distal resection, extension of lymphadenectomy, re-
sections of adjacent organs, intra-operative bleeding, operative
time), the technique of reconstruction (pancreaticjejunal or pan-
creatogastric anastomosis, duct to mucosa or invagination of the
stump, use of internal or exteriorized stent, interrupted or contin-
uous transﬁxing sutures), and the post-operative course (need of
post-operative intensive care, organ failure, pain, need of analgesic
and antibiotic therapy). Data about these subgroups of patients
were not available in the included studies. These are the intrinsic
limits of meta-analysis approach, which combines heterogeneousdatasets and does not often allow adjustment for confounders. This
might be feasible in case of a patient level meta-analysis, but data
about individual patient were not available. However, with regards
to the different techniques of reconstruction, the literature does not
show that anyone is superior in terms of post-operative compli-
cations, so that the modality of reconstruction should be chosen
according to surgeon preferences and experience [1]. Moreover, it
was not possible to know the endpoint before drainage removal of
every single experience: only Conlon [8], Fischer [17], Adham [15]
and Van Buren [9], reported this issue (respectively on 5th POD,
when the output was less than 20 ml/day, on 7th POD, and when
the amylase concentration was <3 the upper limit and/or the
output was 20 ml/d for 2 consecutive days).
Fourthly, the expertise of the surgeons performing the operation
must be evaluated. Although the included studies report experi-
ences of high-volume centers, any differences about the skill and
the learning curve of the surgeons might be present and thus
inﬂuencing the outcome.
Fifthly, the types of drainage used in the included studies might
introduce a bias, thus 4 studies reported the use of closed suction
drain, whereas 3 studies did not specify the type of drain.5. Conclusion
The meta-analysis shows that the presence of an intra-
abdominal drainage after pancreas resection increases the inci-
dence of PF, total complications, and re-admission, whereas it does
not affect the incidence of biliary and enteric ﬁstula, post-operative
hemorrhage, intra-abdominal collection, wound infection and
overall mortality.
These results are given by the analysis of observational studies,
whereas the two RCTs show no advantage in favor of drained
compared to non-drained patients.
We may assert that although the intra-abdominal drainage does
not seem to improve the post-operative outcome in patients un-
dergoing pancreatic resection, the risks and the beneﬁts of its
routinary use in pancreatic resection must be best investigated
within the context of more RCTs with a homogeneous population of
patients.Funding
All Authors have no source of funding.Ethical approval
N.A.Author contribution
Rondelli Fabio and Bugiantella Walter conceived and designed
the study and drafted the article.
Rondelli Fabio, Desio Matteo and Bugiantella Walter acquired
the data.
Vedovati Maria Cristina, Bugiantella Walter and Sanguinetti
Alessandro analyzed and interpreted the data.
Balzarotti Canger Ruben Carlo and Sanguinetti Alessandro
revised the article.
AveniaNicola andBugiantellaWalterﬁnally approved the article.Conﬂict of interest
All Authors have no conﬂict of interests.
F. Rondelli et al. / International Journal of Surgery 12 (2014) S40eS47 S47Conﬂict of interest statement
All the Authors have no conﬂicts of interest or ﬁnancial ties to
disclose.References
[1] F. Paye, The pancreatic stump after pancreatoduodenectomy: the “Achille’s
heel” revisited, J. Visc. Surg. 147 (1) (2010 Feb) e13ee20, http://dx.doi.org/
10.1016/j.jviscsurg.2010.02.004. Epub 2010 Mar 11. Review.
[2] A. Stojadinovic, A. Brooks, A. Hoos, D.P. Jaques, K.C. Conlon, M.F. Brennan, An
evidence-based approach to the surgical management of resectable pancreatic
adenocarcinoma, J. Am. Coll. Surg. 196 (6) (2003 Jun) 954e964. Review.
[3] C.M. Schmidt, J. Choi, E.S. Powell, C.T. Yiannoutsos, N.J. Zyromski, A. Nakeeb,
H.A. Pitt, E.A. Wiebke, J.A. Madura, K.D. Lillemoe, Pancreatic ﬁstula following
pancreaticoduodenectomy: clinical predictors and patient outcomes, HPB
Surg. 2009 (2009) 404520.
[4] K.S. Gurusamy, R. Koti, B.R. Davidson, Routine abdominal drainage versus no
abdominal drainage for uncomplicated laparoscopic cholecystectomy,
Cochrane Database Syst. Rev. 9 (2013 Sep 3) CD006004.
[5] Y. Fong, M.F. Brennan, K. Brown, N. Heffernan, L.H. Blumgart, Drainage is
unnecessary after elective liver resection, Am. J. Surg. 171 (1) (1996 Jan) 158e
162.
[6] H.P. Liu, Y.C. Zhang, Y.L. Zhang, L.N. Yin, J. Wang, Drain versus no-drain after
gastrectomy for patients with advanced gastric cancer: systematic review and
meta-analysis, Dig. Surg. 28 (3) (2011) 178e189, http://dx.doi.org/10.1159/
000323954. Epub 2011 May 4. Review.
[7] F. Merad, E. Yahchouchi, J.M. Hay, A. Fingerhut, Y. Laborde, O. Langlois-Zan-
tain, Prophylactic abdominal drainage after elective colonic resection and
suprapromontory anastomosis: a multicenter study controlled by randomi-
zation. French Associations for Surgical Research, Arch. Surg. 133 (3) (1998
Mar) 309e314.
[8] K.C. Conlon, D. Labow, D. Leung, A. Smith, W. Jarnagin, D.G. Coit, N. Merchant,
M.F. Brennan, Prospective randomized clinical trial of the value of intraperi-
toneal drainage after pancreatic resection, Ann. Surg. 234 (4) (2001 Oct) 487e
493 discussion 493e4.
[9] G. Van Buren 2nd, M. Bloomston, S.J. Hughes, J. Winter, S.W. Behrman,
N.J. Zyromski, C. Vollmer, V. Velanovich, T. Riall, P. Muscarella, J. Trevino,
A. Nakeeb, C.M. Schmidt, K. Behrns, E.C. Ellison, O. Barakat, K.A. Perry,
J. Drebin, M. House, S. Abdel-Misih, E.J. Silberfein, S. Goldin, K. Brown,
S. Mohammed, S.E. Hodges, A. McElhany, M. Issazadeh, E. Jo, Q. Mo,
W.E. Fisher, A randomized prospective multicenter trial ofpancreaticoduodenectomy with and without routine intraperitoneal drainage,
Ann. Surg. 259 (4) (2014 Apr) 605e612.
[10] D.F. Stroup, J.A. Berlin, S.C. Morton, I. Olkin, G.D. Williamson, D. Rennie,
D. Moher, B.J. Becker, T.A. Sipe, S.B. Thacker, Meta-analysis of observational
studies in epidemiology: a proposal for reporting. Meta-analysis of Observa-
tional Studies in Epidemiology (MOOSE) group, JAMA 283 (15) (2000 Apr 19)
2008e2012. Review.
[11] A.R. Jadad, R.A. Moore, D. Carroll, C. Jenkinson, D.J. Reynolds, D.J. Gavaghan,
H.J. McQuay, Assessing the quality of reports of randomized clinical trials: is
blinding necessary? Control Clin. Trials 17 (1) (1996 Feb) 1e12.
[12] A. Stang, Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses, Eur. J. Epidemiol.
25 (9) (2010 Sep) 603e605.
[13] J.P. Higgins, S.G. Thompson, Quantifying heterogeneity in a meta-analysis,
Stat. Med. 21 (11) (2002 Jun 15) 1539e1558.
[14] J.A. Sterne, M. Egger, G.D. Smith, Systematic reviews in health care: investi-
gating and dealing with publication and other biases in meta-analysis, BMJ
323 (7304) (2001 Jul 14) 101e105.
[15] M. Adham, X. Chopin-Laly, V. Lepilliez, R. Gincul, P.J. Valette, T. Ponchon,
Pancreatic resection: drain or no drain? Surgery 154 (5) (2013 Nov) 1069e
1077.
[16] C. Correa-Gallego, M.F. Brennan, M. D’angelica, Y. Fong, R.P. Dematteo,
T.P. Kingham, W.R. Jarnagin, P.J. Allen, Operative drainage following pancre-
atic resection: analysis of 1122 patients resected over 5 years at a single
institution, Ann. Surg. 258 (6) (2013 Dec) 1051e1058.
[17] W.E. Fisher, S.E. Hodges, E.J. Silberfein, A. Artinyan, C.H. Ahern, E. Jo,
F.C. Brunicardi, Pancreatic resection without routine intraperitoneal drainage,
HPB Oxf. 13 (7) (2011 Jul) 503e510.
[18] M.J. Heslin, L.E. Harrison, A.D. Brooks, S.N. Hochwald, D.G. Coit, M.F. Brennan,
Is intra-abdominal drainage necessary after pancreaticoduodenectomy?
J. Gastrointest. Surg. 2 (4) (1998 Jul-Aug) 373e378.
[19] V.V. Mehta, S.B. Fisher, S.K. Maithel, J.M. Sarmiento, C.A. Staley, D.A. Kooby, Is
it time to abandon routine operative drain use? A single institution assess-
ment of 709 consecutive pancreaticoduodenectomies, J. Am. Coll. Surg. 216 (4)
(2013 Apr) 635e642 discussion 642e4.
[20] C. Bassi, C. Dervenis, G. Butturini, A. Fingerhut, C. Yeo, J. Izbicki,
J. Neoptolemos, M. Sarr, W. Traverso, M. Buchler, International Study Group
on Pancreatic Fistula Deﬁnition. Postoperative pancreatic ﬁstula: an interna-
tional study group (ISGPF) deﬁnition, Surgery 138 (1) (2005 Jul) 8e13.
Review.
[21] F. Rondelli, W. Bugiantella, M.C. Vedovati, R. Balzarotti, N. Avenia, E. Mariani,
G. Agnelli, C. Becattini, To drain or not to drain extraperitoneal colorectal
anastomosis? A systematic review and meta-analysis, Colorectal Dis. 16 (2)
(2014 Feb) O35eO42.
